Abstract Criminal offenders often turn to social networks to gain access to firearms, yet we know little about how networks facilitate access to firearms. This study conducts a network analysis of a co-offending network for the City of Chicago to determine how close any offender may be to a firearm. We use arrest data to recreate the co-offending network of all individuals who were arrested with at least one other person over an eight-year period. We then use data on guns recovered by the police to measure potential network pathways of any individual to known firearms. We test the hypothesis that gangs facilitate access to firearms and the extent to which such access relates to gunshot injury among gang members. Findings reveal that gang membership reduces the potential network distance (how close someone is) to known firearms by 20% or more, and regression results indicate that the closer gang members are to guns, the greater their risk of gunshot victimization.
Introduction
Many individuals at the highest risk of gun violence victimization are often prohibited by federal law from owning a firearm: convicted felons and those with a criminal history [1] . Studies have long shown that the most likely victims of gun homicide are those with contact with the criminal justice system, especially those arrested by the police [2] [3] [4] . Given the spatial concentration of fatal and non-fatal shootings within socially disadvantaged neighborhoods [5] [6] [7] [8] and small social networks [3, 9] , this means that young minority men are also most likely to live, go to school, and work in neighborhoods with the highest levels of gun violence. The irony of being at extreme risk and yet prohibited to legally purchase a firearm is not lost on those whose lives are at stake. Felon status in no way diminishes the desire for protection or the perceived use of a firearm for that purpose, but it does push the process of acquiring a firearm into underground and illegal gun markets [10, 11] .
Protection-and self-defense-is one of the most common reasons for gun ownership in the USA [12, 13] . Protection is also one of the primary reasons young people give for joining a street gang: a deep-seated desire to feel safe in neighborhoods and contexts with high levels of crime and violence [14] [15] [16] . Qualitative research has shown that gangs can act as an important source of guns for this vulnerable population [10] . Gangs as collectivities, then, might act as a point source of guns for its members who might ask to borrow a gun in times of troubles, or else turn to other armed gang members to help settle disputes [20] . Despite members' perception of the possible protective features of gangs, gang membership actually increases rates of violent victimization of its members-sometimes exponentially-and gangs are also disproportionately involved in gun-involved crimes and violence [15, [17] [18] [19] .
This study analyzes the extent to which gangs in Chicago might facilitate access to firearms within high-risk networks of offenders. Situated within the growing field of network science, this study begins by re-creating the co-offending network of all individuals in the City of Chicago who were arrested with at least one other person between the years 2006 and 2014. We then identify which individuals in this network possessed a firearm that was recovered by the police or else involved in a crime in which a gun was present. Our first analytic objective is to determine just how close any cooffender is to a firearm-literally, how many co-arrest Bhandshakes^away an individual is from a known illegal firearm. From there, we determine how, if at all, police-identified gang membership may be associated with increased access to firearms and then assess whether or not this increased access to guns is associated with increased victimization among gang members.
Gangs as Salient Contexts for Facilitating Illegal Access to Guns
Despite multiple illegal sources of firearms for those involved in crime [21] , ethnographic research suggests that it may be challenging for criminals to easily access firearms in Chicago. Philip Cook and colleagues found evidence of considerable frictions in the underground market for guns in Chicago due primarily to the fact that the underground gun market was both illegal and Bthin^-the number of buyers, sellers, and total transactions was small, and relevant information on reliable sources of guns were scarce [10] . Street gangs, Cook et al. found, helped to overcome these market frictions, but the gangs' economic interests caused gang leaders to limit supply primarily to gang members-transactions were usually loans or rentals with strings attached [10] .
There is good reason to consider gangs and other high-risk groups as important contexts in their own right in shaping demand for guns and facilitating access to guns. Research has shown gangs to be critical mechanisms in explaining both the stability of gun violence in disadvantaged neighborhoods and the transmission of gun violence via spatial and social network processes [22, 23] . In addition to their disproportionate use of guns in homicide [24, 25] , gangs further seem to influence the gun carrying patterns of the people involved in them. One way in which gangs might facilitate access to guns is by developing more robust flows of guns into members' hands and maintaining a larger stock of firearms through individual and collective means-i.e., the gang, as a group, may have greater potential as a collective to acquire and to hang on to guns or else have greater access illegal markets. If this is true, then gangs may very well facilitate individual members' access to illegal guns.
The available evidence also suggests that gangs assist in individual gun acquisition by reducing the search costs of finding a gun. Gangs may collectively hold stockpiles of guns from which individuals could acquire firearms, serve as connections to illegal gun brokers and traffickers, or provide information on the pathways through which guns could be acquired [10, 26, 27] .
Network science offers one way to understand the ways in which individuals search for information or goods [28] -especially illegal goods and services [29] . Individuals acquire and evaluate information through informal contacts with friends, associates, and coworkers, asking people they think are likely to have the requested information. This process tends to be inefficient, in large part because of information asymmetries. We argue that gangs may help individuals looking to acquire guns with illegal market searches. While our present data does not allow us to differentiate specific gun acquisition mechanisms, our use of network analysis is intended to analyze potential pathways to a gun based on prior co-offending ties.
Data and Methods
This study has two main analytic objectives. First, we aim to determine how close any individual in the co-arrest network is to a known firearm and the role gangs might play in facilitating access to firearms. Second, we run a series of linear regression models to determine how (if at all) the social distance to known firearm among gang members is related to gunshot victimization. Using individual-level data, we regress the probability of victimization on the distance to the nearest known gun, measured as the shortest distance of that gun from individual gang members. Given the welldocumented racial disparities in gun violence victimization [30] as well as possible variation in the organizational capacity of gangs [31] , our models also consider how access to guns and the likelihood of victimization could also vary by the dominant race and size of a gang.
Data used in this study come from four sources provided by the Chicago Police Department (CPD): (1) arrest records, (2) gang membership rosters, (3) fatal and non-fatal victimization data, and (4) gun recovery data.
Building Co-offending Networks
Following previous research [3, 9] , we use incidentlevel arrest data for the entire City of Chicago to create the co-offending networks that are the basis of our analyses. These data include all arrests by CPD that occurred from January 1, 2006, to September 30, 2013 (N = 967,453). Arrest information includes socio-demographic information for the individuals arrested, including their gender, age, and race. Co-offending networks are created by first identifying all unique individuals in the arrest records and then identifying all instances of co-offending, incidents in which two or more individuals were arrested for the same crime [3] . In total, 396,042 unique individuals were identified in the arrest records, of which approximately 45% (N = 188,338) were arrested in an incident involving two or more individuals (i.e., are not isolates in the network). Ties that might capture a victim-offender relationship-such as two individuals charged for a fight-are excluded from the current analyses. Networks are created by linking individuals through incidents of co-arrest based on the assumption that individuals engaging in a crime together are Bassociated^with each other or, more precisely, that they engage in risky behavior together.
There are 188,338 non-isolates in the total network, i.e., individuals with at least 1 co-offending tie to another person. The complete network contains 26,150 unique components (subgraphs) ranging in size from 2 (a dyad) to 123,506 (the largest connected component). Our analysis is limited to the largest connected component (LCC) which contains 66% of all individuals in the network, 13% of all recovered firearms, and nearly 77% of all individuals in the data whomever possessed one of the firearms at all. Seventy-two percent of all gunshot victims in the network can be located in the LCC and just over one quarter of all individuals in the LCC were listed as gang members by the police at some point during the observation period (N = 34,106).
Locating the Gang Members, Victims, and Guns in the Network
After creating the co-offending networks, we used the remaining three sources of data to locate which individuals in the LCC were gang members, which were victims of gunshot injuries, and which had physically possessed one of the illegal guns recovered by CPD. Gang membership of individuals in the network is identified using a Bgang admissions^list provided by CPD. In these data, gang membership is determined by either self-identification by the individual or else through identification by police or correctional personal during the course of investigation or during jail in-take. In total, 34,106 individuals-20% of the total LCC-were identified as members of a street gang. These gang members belonged to seventy-eight different gangs. In the ensuing analyses, we use a binary indicator of whether or not an individual in the network was a gang member (1 = yes, 0 = no).
Second, we identified 12,854 individuals in the network who had been victims of fatal and non-fatal shootings based on victimization data of all 20,417 fatal or non-fatal gunshot injuries reported to CPD between January 1, 2006, and September 30, 2013. In other words, approximately 63% of all gunshot victims during this time period can be located in the co-offending network. Nearly all of these gunshot victims-72%-are in the LCC. We use a binary indicator of whether or not an individual in the LCC was a victim of a shooting as one of our main dependent variables (1 = yes, 0 = no).
Finally, we determined whether or not an individual in the network had access to a firearm at some point during the observation period using data on all recovered firearms in Chicago from January 1, 2006, to September 15, 2012 , to attribute specific firearms to people in the co-offending network. In total, 28,813 firearms were recovered by CPD and sent to ATF for tracing; 4826 firearms (or roughly 17% of all recovered firearms) could be located to unique individuals in the network. Importantly, 13% of all firearms and 77% of all individuals to whom a recovered firearm can be linked can be in the largest component. We use a binary indicator of whether or not each individual in the network at any time possessed one of these recovered firearms (1 = yes, 0 = no).
While the total population of guns is unknown, these data on known guns provide at least a snapshot of some of the known guns and gun users in Chicago during the observation period. On the one hand, gun recovery information most likely underestimates the true populations of guns within the network since this metric requires the physical recovery of the firearm. While such a metric provides a direct link to a known firearm, it excludes a large number of crimes in which a gun was most likely used but not recovered. Relying solely on recovery data thus creates potential underestimation by omission. On the other hand, using firearm-related arrests as an indicator of gun possession may overestimate gun possession. For example, the same gun might very well have been used by different individuals in multiple crimes, especially in the gang context. While we cannot resolve such a debate with the state of existing data, our analyses provide estimates on the guns currently in circulation among active gun users in a city with a high rate of gun violence. As a robustness check, we re-ran all of our analyses relying on arrest records to identify those individuals who were involved in a gun-related crime but which a firearm may or may not have been recovered (see Supplemental Materials); all of the results are identical in statistical significance and direction from those presented in the main article.
Measuring Access to Guns within the Co-offending Network
One of this study's main objectives is to provide a network metric of any individual's distance to a known gun within the network and the extent to which gang members might provide quicker access. We create a measure of the shortest path or minimum geodesic distance to a gun for each individual within the LCC using R software [32] and add-on packages designed for working with network data [33] and large matrices [34, 35] . This metric measures the shortest network distance (in ties) from each individual to another individual in the network who possessed a gun. The shorter the distance, the closer any individual is to a gun. For example, a distance of 2 means that an individual is 2 co-offending ties away from the nearest gun (an associate's associate). Figure 1 visualizes this metric by displaying a small hypothetical network. This network is made up of fourteen individuals (nodes), two of whom are members of a gang, and one of whom had possession of a gun recovered by police. In this network, A, D, and F are a central Bclique^in the network-a closed triangle all tied directly to each other-with several direct and indirect ties to the other people.
The central argument of this paper is that the shape of such networks influences (a) access to firearms and (b) the risk of gunshot victimization. If A or D knows that F has a gun, and they need access to a gun, they might simply ask F: both A and D have a minimum distance to a gun of 1. But, more distal people-such as B, C, or E-do not have direct access to F; if they need access, they would have to go through an intermediary, like A or D, and the distance to a gun would be longer. Gangs, we argue, should decrease such distances, even for those who might not be gang members. In Fig. 1 , for example, gang member D sits on several different paths acting as a network broker between other gang members, non-gang members, and a person who has an actual gun (F). To be sure, gang boundaries are not impenetrable and individuals often have personal or other ties that span group distinctions [18, 31] . We attempt to account for this by allowing our network metric to capture any individual's social distance to any person in the network irrespective of gang status or specific membership and controlling for gangspecific effects in subsequent analyses.
Predicting Individual Gang Member Victimization
Our final stage of analyses determines if gang members that are closer to guns are more likely to be shot. Namely, gang members who are in groups with greater access to guns are, by extension, potentially exposed to more situations in which guns might be used to settle disputes [45] . The heightened chance of gunfire, in turn, increases the probability that socially connected gang members will suffer a gunshot injury. We model this hypothesis using individual-level data about gang members and a series of linear regression models. We regress the probability of victimization on the distance to the nearest gun. Noting that race was an important source of variation in the descriptive analyses, we run a second model that includes a dummy variable for members of black gangs-gangs in which the majority of members are black (1 = yes, 0 = no). Including the dummy variable allows members of black gangs to have a different intercept in the model. To see if the differences between members of black gangs and other gangs are attributable to systematic differences in the size of these gangs, we run a third model that includes the size of the member's gang. Finally, in a fourth model, we add an interaction term between black gangs and gang size, which allows for the possibility that gunshot victimization and the size of a gang are fundamentally different for members of black gangs than for members of other gangs. Table 1 provides summary statistics for individuals in the LCC differentiated by gang membership. The average age of individuals is 26.9 years (SD = 11.6). The network is overwhelming male (81.9%) and black nonHispanic (77%). Approximately 17% of all individuals and 19% of the gang members are white Hispanic. While 7.5% of the entire LCC have been victims of a gunshot injury, that percentage nearly doubles to 14.5% for gang members. Table 1 also provides information on the distance to a recovered gun; supplemental material provides additional measures disaggregated by further demographic information (see, Supplemental Materials). On average, the shortest distance of any individual in the LCC to a recovered gun is 2.5 suggesting that, on average, any individual in the LCC is less than 3 co-offending handshakes away from a recovered firearm. In the context of Chicago's illegal gun markets, this means that guns are in relatively close-but not necessarily immediateaccess to individuals in the network. A distance of 2 equates with an Bassociates' associate^-the equivalent of asking someone for a gun and that person replying, BI know someone who can get me a gun.^Gang membership reduces the distance to the closest firearm by about 27%. Figure 2 graphically depicts these distances disaggregated by gang membership. The increased Bcloseness^of gang members to guns relative to nongang members in the network suggests that gangs facilitate individual access to firearms directly and indirectly. Those individuals closest to a recovered gun are gunshot victims themselves: on average, gun victims in the LCC are 1.8 co-offending ties away from a gun where as non-victims are 2.6 ties away from a recovered gun. Gang member victims are even closer at 1.6 cooffending ties from a recovered gun, as compared to non-gang victims who are 2.1 ties from a recovered gun.
Results

Summary Statistics and Distance to a Gun
The descriptive statistics suggest that individuals in the network are less than 3 co-offending ties to a firearm and, importantly, that gangs seem to cut this distance considerably. To examine gang-level variation, Fig. 3 displays a visual interaction between the race and ethnic composition of 53 gangs in the LCC with at least 20 members and distance to guns. On average, Hispanic white gangs are closer to guns than non-Hispanic black gangs, although there is quite a bit of gang-level variation.
The black gangs listed in Fig. 3 more accurately represent gang Bfederations^or Bnations^dating back to the 1960s that are less a single unified entity as a conglomerate of smaller related sets or crews [36] [37] [38] [39] . The Gangster Disciples, for instance, is a larger umbrella identity that encompasses dozens of smaller factions. The same is true of the other black gangs listed in Fig. 3 including the Black P. Stones and the various Vice Lord groups [38, 40] . Thus, while it may appear that there are fewer black gangs relative to Hispanic gangs, this federation structure masks the number of total black groups and might also represent a greater organizational capacity. In contrast, the majority of Hispanic gangs-with the exception of the Latin Kings-tend to be smaller in size and more limited in organization structure. Whereas black gangs in Chicago actively sought to create city-wide networks and relationships both in the 1960s and again in the 1990s, Hispanic gangs in Chicago lacked a comparable period of conglomeration and were less overtly involved in developing city-wide federations [41] . Our descriptive findings suggest that such qualitative and historical differences in Chicago gangs may translate into the types of underlying networks of these groups and, by extension, influence gang members' access to guns. The larger black gang federations might create longer distances and more dense networks through which firearms might have to travel-i.e., while an individual might have greater number of guns in his network, he might have to jump through additional associates or cliques to access them. In contrast, the smaller Hispanic gang networks might ensure more efficient monitoring of guns among a smaller number of members. This would translate into quicker access to firearms as there are fewer associates through which one would have to navigate to gain access. Table 2 displays the results from four regression models. Model (1) presents our basic model and demonstrates that gang members that are closer to guns have a statistically significant greater probability of victimization. Specifically, the distance to nearest gun measure suggests that increasing the distance to the nearest gun by 1 co-offending tie decreases the probability of a gang member's victimization by 0.05. Put another way, among gang members who have access to guns through their immediate associates, we would expect about 20% of them to be gunshot victims. Instead, if members have access through their associates' associates (2 co-arrest ties removed), we would expect about 15% to be gunshot victims. In support of our basic hypothesis, greater access equates with greater levels of victimization among gang members.
Predicting Gunshot Victimization
Model (2) includes a control for membership in a black gang. The parameter is positive and statistically significant (p < 0.01): members of black gangs have a higher predicted probability of gunshot victimization, net of the effect of distance to a gun. Model (3) adds a control for gang size which is positive and statistically significant: members of larger gangs have a higher predicted probability of gunshot victimization, net of other factors. The distance to nearest gun measure remains significant in both models (2) and (3), indicating that the observed relationship remains: gang members that are closest to guns have higher rates of gun victimization.
Model (4) adds an interaction term between gang size and the black gang dummy variable. This interaction term is also statistically significant (p < 0.01) and there is little fluctuation in the other parameters. Figure 4 visually represents this relationship by plotting the predicted probabilities and observed values based on model (4) with distance to guns on the horizontal axis and the probability of gunshot victimization on the vertical axis. Both graphs in Fig. 4 underscore the central finding that individuals closer to guns have greater likelihood of victimization. However, this relationship is especially pronounced for members of larger black gangs and smaller Hispanic gangs. As gang members' distance to a gun decreases, their probability of gunshot victimization increases by 0.05, net of other factors. Taken together, the results consistently show that gang members who are closer to guns have a higher probability of gunshot victimization. 
Conclusion
Very few individuals in this country are denied the right to own a firearm. But one of those categories of prohibited individuals-those with a felony conviction-is a group that is at some of the highest levels of risk for gun homicide and assault. Despite such a prohibition, living in high-risk communities and networks continues to fuel the perception of needing a firearm, if only for self-protection. Illegal gun markets and personal networks offer methods for obtaining a firearm for such prohibited individuals. And, for many, street gangs and gang membership offer one such avenue for access to a firearm. This study set out to quantify exactly how close offenders in Chicago were to an illegal firearm. Our analyses suggest that gang membership appears to facilitate access to guns, in part, by reducing the network distance to other individuals with a firearm by 20% or more. In particular gangs, the distance to a gun is even shorter suggesting that specific group dynamics may influence immediate access to firearms for individual gang members.
Our regression analyses confirmed that increased access to firearms impacts gunshot victimization among gang members: gang members with shorter distances to guns had corollary higher rates of victimization. Such access to guns also extended to indirect connections in the gang: among gang members with access to guns through their immediate associates, we would expect about 20% of members to be gunshot victims, a figure that declines to 15% for second-order access.
These findings suggest that gun violence reduction policy should be focused on reducing gang access to firearms in at least three ways. First, law enforcement agencies should identify and shut down direct supply lines of guns to gang members. Chicago gang members tend to acquire older guns through purchases from licensed dealers and secondary market sources in other states with weak gun laws [11] . If law enforcement is to be effective at reducing access to guns by gang members, it should focus on the intermediaries in the underground market-straw purchasers, brokers, and traffickers. Social network analyses, alongside further analyses of the purchasers of successfully traced firearms, could provide insight into the possible existence and functioning of these intermediaries.
Second, proximate access to guns should be reduced by identifying individuals in gang networks who hold illegal guns and those who could serve as brokers of guns. Network analyses that consider gun recoveries and shootings in gang networks could be used to good effect in guiding efforts to remove guns from Chicago streets, including through non-law enforcement agencies and public health outreach workers. Enforcement as well as related outreach and intervention efforts guided by network analyses of key actors could cause gang leaders to exert more control over their stash of guns and further restrict their distribution and use by Gang Size < 1000 Gang Size > 1000 Fig. 4 Relationship between distance to the nearest recovered gun and probability of gunshot victimization for gang members based on model (4) . Predicted probabilities are estimated with the observed gang size values for members of black gangs and all other gangs. The symbol size is proportional to the gang size members. In turn, diminished access by gang members could reduce shootings on Chicago streets.
Third, the sorts of risk estimates and network analytics used to identify individuals at elevated risk for gunshot victimization might be used to direct public health interventions aimed at reducing the injuries and trauma associated with gun violence-especially among gang members and their associates [42] [43] [44] . Such methods might serve as a force multiplier for intervention and prevention efforts by directing them towards those in harm's way or indirectly impacted by gun violence, for example, by directly trauma care specialists or violence interrupters into strategic locations in the network.
These data are not without limitations. First, we use data from a single city and our findings may not be generalizable to other cities. Second, our measure of gun possession likely underestimates the true prevalence of guns in the hands of Chicago gang members and others in the observed co-offending network (see also Supplemental Materials). Moreover, these data do not provide any substantive information on the individuals holding guns in the co-offending networks and what their orientation towards facilitating broader access to firearms might be. Qualitative information collected through ethnography and community interviews are necessary to understand what role, if any, these individuals have in increasing gang access to firearms.
These limitations notwithstanding, approaching access to guns from a networked perspective provides unique insight into the prevention of gun violence and the operations of illegal gun markets. We believe that these data support the potential gun violence reduction benefits of disrupting supply lines of guns into criminal networks and focusing enforcement to reduce proximate access to guns by limiting their general prevalence in gang networks. Both avenues could increase the amount of time and effort to access guns by gang members and thereby decrease the prevalence of guns in these highrisk co-offending networks.
